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The spectrum is similar to that seen in Z Cha and OY Car, but there are some differences. Most notable of these is the lack of any strong UV emission compared to Z Cha. More detailed comparison must await UV data on OY Car and H band eclipse observations of Z Cha. Also, in view of the variable nature of these systems, simultaneous multiband photometry is required to extract the correct spectral components accurately.
Finally, we comment that several further specific observations of V2051 Oph are required. K band data are necessary to get better constraints on the secondary's temperature and therefore its solid angle. Further J and H observations through several orbits are desirable to see if ellipsoidal variations are present.
Introduction
The star AB Dor (HD 36705) was first identified as an interesting object because of its strong Call H and K emission features (Bidelman and MacConnell 1973; Houk and Cowley 1975) . It has a spectral class of G8 and appears to be a single star, since no radial velocity variations have thus far been detected, despite numerous attempts (e.g. Collier 1982; Innis et al. 1985a) . Probably the most unusual and important feature about the star is its rapid rotational velocity, with a Vsini of 80 km s " ' (Collier 1982) , which is more than 20 times that of a normal star of similar spectral class. AB Dor also shows a substantial photometric wave, commonly interpreted as indicating the presence of starspots. This wave has a typical amplitude of 0.05 to 0.15 magnitudes in V and a period of 0.514 days (e.g. Innis et al. 1985b) . Combining this with the Vsini value gives a lower limit of 0.76 R Q for the stellar radius, while assuming the radius of a normal G8 dwarf yields an axial inclination of 60° ± 10°.
AB Dor is one of the most active of all main sequence stars. Besides the strong Call emission it also shows a 'filled in' and variable H a profile (Collier 1982) as well as strong, transient soft X-ray (Pakull 1981) and radio (Slee et al. 1986 ) activity. It was initially classed as a possible RS CVn binary (Pakull 1981) and then as an FK Comae type (Collier 1982) when it was discovered to be a single star. Current thought, however, suggests that it is a young, possibly slightly pre-main sequence object. The evidence for this includes the existence of a strong Li doublet line at 6708A (Rucinski 1982; Innis et al. 1985b) and the fact that it has the same space velocity as members of the Pleiades group (Innis et al. 1986 ). It may, therefore, be closely related to the rapidly rotating K dwarfs recently discovered in the Pleiades cluster (Stauffer et al. 1984) , so that the activity seen is normal for solar mass stars as they approach the main sequence. AB Dor is especially important because it is near the Sun (~ 20 pc) and therefore relatively bright (V = 7). This allows us to examine the surface activity in considerable detail.
The observations presented here are part of a program designed to investigate magnetically related activity on lower main sequence stars. The data consist of a time series of spectra taken in the region of H" with high temporal and spectral resolution. These spectra were originally obtained in an attempt to observe the starspots in the moderately strong Fe line at 6569 A through the technique of spectral imaging (Vogt and Penrod 1983a) . The H" line was observed in order to study plage and flare like phenomena which might be associated with the spots. In analysing these data it was found that the H" profile showed rapid time variations, with properties substantially different from any previously reported on any active chromosphere star. In this paper we describe these variations and discuss their possible implications.
Observations and analysis
The observations were made in 1984 Dec 11 using the 3.9 metre Anglo-Australian Telescope. The data were taken using a red sensitive GEC CCD mounted on the high resolution camera of the RGO cassegrain spectrograph. Since we were interested in imaging surface inhomogeneities we restricted exposure times to 5 minutes. The resultant spectra had a range of 30A, a spectral resolution of 200 m A and a signal to noise ratio ranging from 40:1 to 70:1 depending upon the cloud cover. The entire night was affected by clouds and the total observation consists of a series of 22 spectra taken over nearly 3 hours, from 15:20 through 18:10 UT.
Each CCD frame was individually examined and cosmic ray spikes were removed. The bias was then removed and the frames were divided by a normalized flat field exposure to eliminate the effects of pixel to pixel gain variations. CCD columns containing the star spectra were added and a wavelength calibration was applied using reference spectra of a Cu-Ar lamp in conjunction with measurements of narrow telluric absorption lines present in the stellar data. Since the sky was between 8 and 10 magnitudes fainter than the star a subtraction of sky background would only have increased the noise of the spectrum and was, therefore, not done. The major effects of atmospheric absorption were deduced from observations of a smooth spectrum star and were removed from the stellar observations. The narrow telluric absorption features were retained in the spectra as convenient frequency references. Finally, the continuum was flattened by dividing out a linear intensity variation deduced by fitting a straight line through 0.5 A averages near 6551A (which was assumed to have an intensity of 98% of the continuum level) and 6579 A. The stellar spectrum also approaches the continuum level of 6559 A and 6567 A but these points could not be used because of their proximity to the H a line.
A sample of a reduced spectrum having its continuum level normalized to 100 is presented in Figure la . The broad features (e.g. near 6555 A and 6570 A) are rotationally broadened stellar absorption lines, while the sharp absorptions features are the telluric lines mentioned above. Combining these spectra into a two dimensional array yields the dynamic spectrum presented in Figure 2 . In this figure the gray scale has been selected so that black represents an intensity of 80% of the continuum level, while white occurs at 103% of the continuum level. It is obvious from this figure that a variety of systematic variations occurred in the H a profile, involving both emission and absorption features. To quantitatively understand these variations it was first necessary to isolate the temporal variations from the average profile. To do this we first derived a reference spectrum by convolving a standard G8 stellar spectrum with a rotation function corresponding to a Vsini of 80 km s ~'. We then added an H a emission feature equivalent to a uniform distribution of 15(0 0570 Woveltngth AngitrOM plage on the stellar surface and with sufficient strength to essentially fill in the H" absorption. This spectrum was normalized to a continuum intensity of 100 and subtracted from the individual spectra in our time series. At the same time we removed the narrow telluric lines from the spectrum. The result of these operations, as applied to the spectrum of Figure la , is presented in Figure lb .
We next assumed that the resultant residual profiles could be modelled by a superposition of one or more Gaussian features. This proved to be a reasonable assumption and all of the observed profiles were found to be resolvable into at most 2 absorption and one emission feature. Properties of each feature included its depth and width (which were then combined to give an equivalent width) and its central wavelength, which was used to calculate a radial velocity of the feature relative to the rest frame of the star. A summary of these results is presented in Figure 3 .
Discussion
We were able to identify 4 main transient features within the observations. The most easily interpreted is the emission feature occurring between 17:25 and 18:05 UT. This had a slowly redward drifting location while rapidly increasing in equivalent width. We interpret this as an H a flare occurring in the stellar chromosphere near the blue limb of the star. If this interpretation is correct then it is interesting to note that the flare occurred well away from the deduced positions of any starspots (Collier-Cameron et ah 1986). The emission feature seen at the start of observations may also be flare related. However, the rapid drift in radial velocity suggests that it is physically distinct from the later flare event. As seen from Figure  2 the blue wing of this emission is heavily influenced by the strong, drifting absorption feature starting at around 15:30 UT. However, the red wing is only marginally influenced by a weak red absorption and we believe that much of the radial velocity variations shown in Figure 3 are real.
The main elements concerning us here are the two large, drifting absorption features which dominate the spectra. The temporal behaviour of these features is strikingly similar to what might be expected from rotational modulation by a large H Q absorbing feature similar to a solar filament. Such a feature, however, would take half of a rotation period (6 hours) to drift from the blue to the red limb of the star, while the observed features drift at a rate which is about three times faster. 
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Figure 2 -A dynamic spectrum for the star AB Dor produced by combining a time series of 22 spectra taken on 1984 Dec. 11. The grey scale has been selected such that black occurs at 80% of the continuum level while white occurs at 103% of the continuum intensity.
One possible explanation for the rapid drift rate would be that the absorption features are created by a large, surge-like ejection of chromospheric material, initiated perhaps by a large thermal pulse low in the atmosphere. Such an event might be expected to have a duration similar to that observed. However given a maximum bulk velocity of 100 km s"' an expanding cloud of material would cover at most 4% of the stellar surface in the 30 minutes required by the absorption features to reach their maximum equivalent width. It would be impossible therefore for this cloud to account for the amount of absorption seen. A second possibility is that the absorption features represent the disk crossing of large, rapidly moving cool 'patches' of chromospheric material. Such features might be expected if large amplitude non-radial pulsations were excited, similar to those reported for O and B stars by Smith (1980) and Vogt and Penrod (1983b) .
Perhaps the most promising model postulates the existence of large clouds of absorbing material, suspended above the stellar surface and forced to co-rotate with the star by the ambient coronal magnetic fields. Because there is no evidence of H" emission in the far wings of the line it is probable that the source function within these clouds is small and that scattering is the major absorption mechanism. In this case the cloud only becomes apparent when it occults the stellar surface. The rate of radial velocity drift will then be dictated by the average height of the cloud. Assuming a Vsini of 80 km s" \ an angle of 60° for the rotation axis and a latitude of 30° for the cloud, the drift rates shown in Figure 3 yield an average height of roughly 2.5 R* for the main absorption features. Note that this geometry implies that the cloud centre should be approximately 1.25 R* away from the equatorial plane. The parallel drifting bands are then explained either as the disk passage of similar clouds or as the passage of a large, overdense coronal loop for which the major absorption occurred in the legs. Note that the less intense absorption feature seen near the star of the observation has a more rapid drift rate, indicating a cloud at a height of about 4 R*.
If the 'cloud' model is correct it has several important implications. Firstly, it represents substantial evidence for the existence of magnetic fields high in the stellar corona. This is especially important in the interpretation of observed soft Xray and radio activity. Secondly, it indicates the presence of a substantial amount of matter high in the stellar atmosphere. The hydrogen atoms causing the absorption feature are neutral, so they will be only loosely coupled to the magnetic fields. Further, the Keplerian corotation distance for AB Dor is very near the surface, at about 3.8 R*. It is possible therefore, that these atoms are rapidly lost from the system and represent a significant sink of angular momentum. In essence, we may be seeing the mechanism of magnetic breaking in action. Bidelman, W. P. and MacConnell, D. J., 1973, Astron. J., 78, 687. Collier, A. C, 1982, Mon. Not. R. Astron. Soc, 200, 489 . Collier Cameron, A., Bedford, D. K., Lloyd Evans, T., Rucinski, S. M., Vilhu, O. and White, N. E., 1986, in 
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Figure 3 -The equivalent width (a) and the velocity (b) for the Gaussian components of the residual H" profiles (a sample of which is presented in Figure lb ). Solid dots connected by a solid line represent emission features, while crosses connected by dashed lines signify absorption features. The radial velocity is measured with respect to the stellar frame of rest and negative velocities represent blue shifts.
